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Rijkswaterstaat 
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Introduction (1) 
length: 1.320 km 
 
catchment area: 225.000 km2 
 
discharge: 1.000 – 16.000 m3/s 
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Introduction (2) 
Until 1957 sea fish (salmon and sea trout) in 
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Introduction (3) 
These fish disappeared completely due to: 
• Decreasing water quality (pollution) 
• Loss of spawning and nursery grounds 



















UMASS, Amherst, 2012 
Introduction (4) 
Rhine Action Program (RAP) (1986): 
 
Goal: 
International agreement on Ecological Rehabilitation 
of the Rhine with the salmon as flag specie 
 
• Improvement of water quality 
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Introduction (5) 
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Introduction (6) 
Water quality increases significantly. 
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Introduction (7) 
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Introduction (8) 
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Introduction (10) 









prevents salt intrusion 
 
Middle: 
- enable ship 
movements between 
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Introduction (11) 
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Design criteria (1) 
Determine target species 
 
Dutch case: all species 
(rheophilic, limnophilic, eurytopic) 
 
 





for each target specie 
Introduction 
River system 
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Design criteria (2) 
1. Migration period of riverine fish in the 
    Netherlands: 
Introduction 
River system 
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Design criteria (3) 
Maximum swim capacity (m/s) 
Max. countercurrent (m/s) 
Distance > 10 m Distance < 10 m 
weak swimmer 
(f.i. carp, bream) 
0,5 – 1,0 1,0 – 1,5 
strong swimmer 
(f.i. salmon, sea trout) 
1,0 – 1,5 2,0 – 2,5 
2. Swim capacity 
Introduction 
River system 
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Design criteria (4) 
3. Orientation  
 
Behavior of fish in the flow determines 










Optimal attraction current 
Introduction 
River system 
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Opening river weir   
Qriver weir 
Fishway operational   
?   
Extra attraction flow: pipes from upstream to 
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Design criteria (6) 
3. Orientation  
 
Entrance should be located on the edge of the 





















example   
Rijkswaterstaat 
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Design criteria (7) 





















Good example   
Rijkswaterstaat 
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Design criteria (8) 
Technical design criteria: 
 
• differences in discharges and water levels 
• weir operating management 
• balance economic benefit of Hydro power 
station vs. optimal attraction current (middle 
fishway) 
 
– Qmax most upstream fishway = 10 m3/s 
– Qmax middle (hydropower) = 4 m3/s 
– Qmax downstream = 4 m3/s 
      
  Bypass: Open channel spacious weir-
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Design (1) 
Result: 
Combined weir (V-shape + vertical slot): 
• For all target species 
• For different discharges and water levels 
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Design (2) 
 

































































































Max. swim capacity 































































Max. swim capacity 








Depth (1,5 m) 























Max. head difference 
river weir (3,8 m) 




Min. length of pools (10 m) 
 24 weirs 
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1. Defined goal 
2. Political willingness 
3. Successful cooperation between different 
disciplines (technical, ecological) 
4. Public interest and involvement 
 
 
And the fish are very happy !! 
 
“Now I can go upstairs, 
   to make love 
    and to die happily…” 
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Thank you 
! 
Any 
questions 
? 
